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Genetics includes the study of genotypes 
and phenotypes, the mechanisms of genetic 
control between them, and information 
transfer between generations. Genetic terms 
describe processes, genes and traits with 
which genetic phenomena are examined and 
described. While the genetic terminologies 
are extensively discussed in this book and 
elsewhere, the standardization of their names 
has been an ongoing process. Therefore, 
this chapter will only concentrate on discus-
sions about the issues involved in the stand-
ardization of gene and trait terminologies. 
Readers may wish to refer to online resources 
(see Table 24.1 for URLs) for lists of the 

















A standardized genetic nomenclature is 
vital for unambiguous concept description, effi-
cient genetic data management and effective 
communications not only among scientists, but 
also among those who are involved in cattle 
production and genetic improvement. This 
issue has become even more critical in the 
post-genomics era due to rapid accumulation 
of large quantities of genetic and phenotypic 
data, and the requirement for data manage-
ment and computational analysis, which 
increases the need for precise definition and 
interpretation of gene and trait terms. 
For example, the Myostatin (MSTN) gene 
is known as Growth and Differentiation Factor 
8 (GDF8 or GDF-8) in some literature and 
is also referred to as the 'muscle hypertrophy' 
or 'double-muscling' locus in cattle. While the 
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i n t e r c h a n g e a b l e  u s e  o f  a l l  t h e s e  n a m e s  i n  t h e  
l i t e r a t u r e  c a n  c a u s e  c o n f u s i o n ,  i t  g e t s  m o r e  
c o m p l i c a t e d  w h e n  o n e  c o n s i d e r s  p a r a l o g o u s  g e n e  
d u p l i c a t i o n s  a c r o s s  s p e c i e s ,  w h i c h  l e d  R o d g e r s  
e t  a / .  ( 2 0 0 7 )  t o  p r o p o s e  M S T N - 1  a n d  M S T N -
2 .  U n f o r t u n a t e l y ,  t h i s  n a m i n g  s c h e m e  d o e s  n o t  
f o l l o w  t h e  H u m a n  G e n o m e  O r g a n i z a t i o n  
( H U G O )  G e n e  N o m e n c l a t u r e  C o m m i t t e e  ( H G N C )  
g u i d e l i n e s ,  w h i c h  i n d i c a t e  t h a t  t h e s e  p a r a l -
o g u e s  s h o u l d  b e  n a m e d  M S T N l  a n d  M S T N 2 ,  
r e s p e c t i v e l y .  
I n  t e r m s  o f  t r a i t s ,  a n  e x a m p l e  t h a t  w o u l d  
b e n e f i t  f r o m  c o n s i s t e n t  n o m e n c l a t u r e  i s  t h e  
l o n g i s s i m u s  d o r s i  m u s c l e  a r e a ,  w h i c h  i s  a l s o  
r e f e r r e d  t o  a s  t h e  l o i n  e y e  a r e a  ( L E A ) ,  l o i n  m u s -
c l e  a r e a  ( L M A ) ,  m e a t  a r e a  ( M L D ) ,  r i b e y e  a r e a  
( R E A ) ,  e t c .  E a c h  o f  t h e s e  i s  k n o w n  t o  c e r t a i n  
r e s e a r c h e r s  a s  t h e i r  d e f a u l t  n a m e  f o r  t h e  t r a i t .  
C o m p l e x i t y  i s  f u r t h e r  i n c r e a s e d  b y  v a r i a t i o n  i n  
a n a t o m i c  l o c a t i o n s ,  p h y s i o l o g i c a l  s t a g e s  a n d  
m e t h o d s  u s e d  t o  m e a s u r e  a  g i v e n  t r a i t .  T h i s  
m a y  s e e m  m a n a g e a b l e  a t  f i r s t ,  b u t  o n c e  o n e  
s t a r t s  t o  c o m p a r e  d a t a  a c r o s s  d i f f e r e n t  l a b o r a -
t o r i e s ,  p u b l i c a t i o n s  o r  s p e c i e s ,  i t  q u i c k l y  b e c o m e s  
v e r y  c o n f u s i n g .  
T h e  ' s t a n d a r d  g e n e t i c  n o m e n c l a t u r e '  r e c -
o m m e n d a t i o n s  m a d e  b y  t h e  C o m m i t t e e  o n  
G e n e t i c  N o m e n c l a t u r e  o f  S h e e p  a n d  G o a t s  
( C O G N O S A G )  i n  t h e  1 9 8 0 s  a n d  1 9 9 0 s  i n i t i a l l y  
c o v e r e d  s h e e p  a n d  g o a t s  a n d  w e r e  l a t e r  e x t e n d e d  
.  t o  c a t t l e  ( B r o a d  e t  a / . ,  1 9 9 9 ) .  D o l l i n g  ( 1 9 9 9 )  
s u m m a r i z e d  t h e s e  e f f o r t s  a n d  a b s t r a c t e d  g u i d e -
l i n e s  f o r  p r a c t i c a l  u s e .  I n  2 0 0 9 ,  a n  i n t e r n a t i o n a l  
m e e t i n g  t o  d i s c u s s  c o o r d i n a t i o n  o f  g e n e  n a m e s  
a c r o s s  v e r t e b r a t e  s p e c i e s  w a s  h e l d  i n  C a m b r i d g e ,  
U K  ( B r u f o r d ,  2 0 1 0 ) .  W h i l e  w e  m a y  h e s i t a t e  t o  
d i c t a t e  h o w  g e n e t i c  t e r m s  a r e  d e f i n e d ,  a d o p t i n g  
a  s t a n d a r d i z e d  g e n e t i c  n o m e n c l a t u r e  s y s t e m  e n a -
b l e s  r e s e a r c h e r s  t o  m o r e  e a s i l y  m a n a g e  a n d  c o m -
p a r e  t h e i r  d a t a ,  b o t h  w i t h i n  a n d  a c r o s s  s p e c i e s .  
T h e  e m e r g e n c e  o f  t h e  u s e  o f  o n t o l o g i e s  i n  b i o -
l o g i c a l  r e s e a r c h  h a s  c o n t r i b u t e d  a  n e w  w a y  t o  
e f f e c t i v e l y  o r g a n i z e  b i o l o g i c a l  d a t a  a n d  f a c i l i t a t e  
a n a l y s i s  o f  l a r g e  d a t a s e t s .  A d o p t i n g  s t a n d a r d i z e d  
n o m e n c l a t u r e  w i l l  f u r t h e r  e n a b l e  r e s e a r c h e r s  t o  
u n a m b i g u o u s l y  o r g a n i z e  a n d  m a n a g e  t h e i r  d a t a .  
W h e n  g e n o m i c  i n f o r m a t i o n  m u s t  b e  t r a n s f e r r e d  
a c r o s s  s p e c i e s  t o  p e r p e t u a t e  g e n e t i c  d i s c o v e r i e s ,  
t h e  r o l e  o f  a  s t a n d a r d i z e d  g e n e t i c  n o m e n c l a t u r e  
b e c o m e s  e v e n  m o r e  i m p o r t a n t .  
T h e  g o a l  o f  t h i s  c h a p t e r  i s  t o  c l e a r l y  s t a t e  
g u i d e l i n e s  f o r  n o m e n c l a t u r e ,  w i t h  t h e  h o p e  
t h a t  t h e y  w i l l  f a c i l i t a t e  c o m p a r i s o n  o f  r e s u l t s  
b e t w e e n  e x p e r i m e n t s  a n d ,  m o s t  i m p o r t a n t l y ,  
p r e v e n t  c o n f u s i o n .  
L o c u s  a n d  G e n e  N a m e s  
a n d  S y m b o l s  
L o c u s  n a m e  a n d  s y m b o l  
T h e  f o l l o w i n g  g u i d e l i n e s  f o r  c a t t l e  g e n e  n o m e n -
c l a t u r e  a r e  a d a p t e d  a n d  a b b r e v i a t e d  f r o m  t h e  
H U G O  G e n e  N o m e n c l a t u r e  C o m m i t t e e  ( H G N C ;  
s e e  T a b l e  2 4 . 1  f o r  U R L ) .  
A  g e n e  i s  d e f i n e d  a s  ' a  D N A  s e g m e n t  
t h a t  c o n t r i b u t e s  t o  p h e n o t y p e / f u n c t i o n .  I n  t h e  
a b s e n c e  o f  d e m o n s t r a t e d  f u n c t i o n  a  g e n e  m a y  
b e  c h a r a c t e r i z e d  b y  s e q u e n c e ,  t r a n s c r i p t i o n  o r  
h o m o l o g y . '  A  l o c u s  i s  n o t  s y n o n y m o u s  w i t h  a  
g e n e .  I t  i s  d e f i n e d  a s  ' a  p o i n t  i n  t h e  g e n o m e ,  
i d e n t i f i e d  b y  a  m a r k e r ,  w h i c h  c a n  b e  m a p p e d  
b y  s o m e  m e a n s .  A  l o c u s  c o u l d  b e  a n  a n o n y -
m o u s  n o n - c o d i n g  D N A  s e g m e n t  o r  a  c y t o g e n e t i c  
f e a t u r e . '  A  s i n g l e  g e n e  m a y  h a v e  n u m e r o u s  
l o c i  w i t h i n  i t  ( e a c h  m a y  b e  d e f i n e d  b y  d i f f e r e n t  
m a r k e r s ) .  
A  g e n e  n a m e  s h o u l d  b e  s h o r t  a n d  s p e c i f i c ,  
a n d  c o n v e y  t h e  c h a r a c t e r  o r  f u n c t i o n  o f  t h e  
g e n e .  G e n e  n a m e s  s h o u l d  b e  w r i t t e n  u s i n g  
A m e r i c a n  s p e l l i n g  a n d  c o n t a i n  o n l y  L a t i n  l e t -
t e r s  o r  a  c o m b i n a t i o n  o f  L a t i n  l e t t e r s  a n d  
A r a b i c  n u m e r a l s .  
A  g e n e  s y m b o l  s h o u l d  s t a r t  w i t h  t h e  s a m e  
l e t t e r  a s  t h e  g e n e  n a m e .  T h e  g e n e  s y m b o l  
s h o u l d  c o n s i s t  o f  u p p e r - c a s e  L a t i n  l e t t e r s  a n d  
p o s s i b l y  A r a b i c  n u m e r a l s .  G e n e  s y m b o l s  m u s t  
b e  u n i q u e .  
A  l o c u s  n a m e  s h o u l d  b e  i n  c a p i t a l i z e d  
L a t i n  l e t t e r s  o r  a  c o m b i n a t i o n  o f  L a t i n  l e t t e r s  
a n d  A r a b i c  n u m e r a l s .  
A  l o c u s  s y m b o l  s h o u l d  c o n s i s t  o f  a s  f e w  
L a t i n  l e t t e r s  a s  p o s s i b l e  o r  a  c o m b i n a t i o n  o f  
L a t i n  l e t t e r s  a n d  A r a b i c  n u m e r a l s .  T h e  c h a r a c -
t e r s  o f  a  s y m b o l  s h o u l d  a l w a y s  b e  c a p i t a l  L a t i n  
c h a r a c t e r s  a n d  s h o u l d  b e g i n  w i t h  t h e  i n i t i a l  l e t -
t e r  o f  t h e  n a m e  o f  t h e  l o c u s .  I f  t h e  l o c u s  n a m e  
i s  t w o  o r  m o r e  w o r d s ,  t h e n  t h e  i n i t i a l  l e t t e r s  o f  
e a c h  w o r d  s h o u l d  b e  u s e d  i n  t h e  l o c u s  s y m b o l .  
G e n e  a n d  l o c u s  n a m e s  a n d  s y m b o l s  s h o u l d  
b e  p r i n t e d  i n  i t a l i c s  w h e n e v e r  p o s s i b l e ;  o t h e r -
w i s e  t h e y  s h o u l d  b e  u n d e r l i n e d .  
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When assigning cattle gene nomenclature, 
the gene name and symbol should be assigned 
based on existing HGNC nomenclature when 
1:1 human:bovine orthology is well established. 
Recognized members of gene families should be 
named following existing naming schemes. 
Initial efforts to provide information about genes 
predicted during the cattle genome sequencing 
project resulted in the assignment of standard-
ized names for 57 57 cattle genes based on 
human gene nomenclature (Bovine Genome 
Sequencing and Analysis Consortium, 2009). 
There are two categories of novel cattle 
genes: (i) novel genes predicted by bioinformatic 
gene prediction programs; and (ii) novel genes 
that have been studied prior to the completion 
of the cattle genome. In addition, it is anticipated 
that, in the future, additional novel genes will 
be identified by RNA-sequencing experiments. 
In cases where no strict 1: 1 human orthologue 
exists that has been assigned nomenclature, the 
NCB! LOC# or Ensembl 10 should be used as a 
temporary gene symbol for predicted genes with 
no known function. In order to assign a symbol/ 
name to novel genes, they will need to be manu-
ally curated and assigned a unique symbol/name 
following these guidelines. 
Allele name and symbol 
These guidelines for allele nomenclature are 
adapted from Dolling (1999) and mouse genome 
nomenclature guidelines (see Table 24.1 for 
URL), consistent with HGNC guidelines. 
Alleles do not have to be named, but 
should be assigned symbols. An allele symbol 
should always be written following the locus 
symbol. It can consist of Latin letters or a com-
bination of Latin letters and Arabic numerals. 
An allele name should be as brief as possible, 
and should convey the variation associated 
with the allele. If a new allele is similar to one 
that has already been named, it should be 
named according to the breed, geographic 
location or population of origin. If new alleles 
are to be named for a recognized locus, they 
should conform to nomenclature established 
for that locus. The first letter of the allele name 
should be lower case. 
The allele name and symbol may be 
identical for a locus detected by biochemical, 
Z·-LHu.etal.) 
serological or nucleotide methods. The HGNC 
guideline recommends that 'allele designation 
should be written on the same line as gene 
symbol separated by an asterisk e.g. PGM1 * 1, 
the allele is printed as * 1 '. The wild-type allele 
can be denoted with a+ (e.g. MSTN+). Neither+ 
nor - symbols should be used in alleles detected 
by biochemical, serological or nucleotide meth-
ods. Null alleles should be designated by the 
number zero. A single nucleotide polymor-
phism (SNP) allele should be designated based 
on its dbSNP _id, followed by a hyphen and the 
specific nucleotide (e.g. MSTNrs1234567-T). 
If the SNP occurs outside of an identified gene, 
the SNP locus can be designated using the 
dbSNP _id as the locus symbol, followed by a 
hyphen and the nucleotide allelic variants as in 
rs1234567-T. 
The allele name and symbol should be 
printed in italics whenever possible; otherwise 
they should be underlined. 
Genotype terminology 
The genotype of an individual should be 
shown by printing the relevant locus and allele 
symbols for the two homologous chromo-
somes concerned, separated by a slash, e.g. 
MSTNrs1234567-T/rs1234567-C. Unlinked 
loci should be separated by a semicolon, e.g. 
CD 11Rsal-2400!2200; ESRPvuii-5 700/4200. 
Linked loci should be separated by a space 
or dash and listed in linkage order (e.g. 
POU1F1A!G-STCHC/G-PRSS7A!T), or in 
alphabetical order if the linkage order is not 
known. For X-linked loci, the hemizygous case 
should have a /Y following the locus and allele 
symbol, e.g. AR-Eco57I-1094/Y. Likewise, 
Y-linked loci should be designated by /X follow-
ing the locus and allele symbol. 
Gene annotations and the 
gene ontology (GO) 
Advances in genomic technologies require that 
researchers be able to functionally analyse 
large, high-throughput datasets to gain insight 
into the complex systems they are studying. By 






t o  d e s c r i b e  g e n e  f u n c t i o n ,  g e n e  c o m p o n e n t s  
c a n  b e  c o n s i s t e n t l y  l i n k e d  t o  f u n c t i o n  i n  a  w a y  
t h a t  f a c i l i t a t e s  e f f e c t i v e  c o m p u t a t i o n a l  a n a l y s i s  
a n d  p r o m o t e s  c o m p a r a t i v e  g e n o m i c s .  I n  1 9 9 8 ,  
t h e  G O  C o n s o r t i u m  w a s  f o r m e d  t o  s t a n d a r d i z e  
f u n c t i o n a l  a n n o t a t i o n  i n  t h e  f o r m  o f  g e n e  
o n t o l o g i e s  t h a t  c a n  b e  u s e d  a c r o s s  a l l  e u k a r y -
o t e s  ( G e n e  O n t o l o g y  C o n s o r t i u m ,  2 0 0 0 ) .  T h i s  
e f f o r t  n o t  o n l y  p r o v i d e d  a  s t a n d a r d  m e t h o d  f o r  
f u n c t i o n a l  a n n o t a t i o n  b u t  a l s o  p r o m o t e d  d a t a  
s h a r i n g  a n d  e n a b l e d  m o d e l l i n g  o f  f u n c t i o n a l  
g e n o m i c s  d a t a s e t s .  T h e  G O  c o n s i s t s  o f  t h r e e  
s e p a r a t e  o n t o l o g i e s :  B i o l o g i c a l  P r o c e s s ,  C e l l u l a r  
C o m p o n e n t ,  a n d  M o l e c u l a r  F u n c t i o n .  G e n e s  
o r  g e n e  p r o d u c t s  a r e  a s s o c i a t e d  w i t h  G O  t e r m s  
t h a t  r e p r e s e n t  g e n e  a t t r i b u t e s .  
A  G O  t e r m  i s  d e f i n e d  w i t h  a  t e r m  n a m e ,  a  
u n i q u e  i d e n t i f i e r  a n d  a  d e f i n i t i o n  ( p r e f e r a b l y  
i n d i c a t i n g  w h i c h  o f  t h e  t h r e e  s u b - o n t o l o g i e s  i t  
b e l o n g s  t o ,  i n f o r m a t i o n  a b o u t  i t s  r e l a t i o n s h i p s  
t o  o t h e r  G O  t e r m s  a n d  c i t e d  s o u r c e s ) .  G O  
t e r m s  m a y  a l s o  h a v e  s y n o n y m s ,  d a t a b a s e  
c r o s s - r e f e r e n c e s  a n d  c o m m e n t s  t o  p r o v i d e  
m o r e  d e t a i l e d  i n f o r m a t i o n .  A  u n i q u e  G O  i d e n -
t i f i e r  c o n s i s t s  o f  t h e  p r e f i x  ' G O '  f o l l o w e d  b y  
a  c o l o n  a n d  s i x  t o  e i g h t  n u m e r i c a l  d i g i t s ,  
e . g .  G 0 : 0 0 0 0 0 1 6 .  I t  s e r v e s  a s  a  k e y  t o  r e f e r -
e n c e  G O  t e r m s  i n  a  G O  d a t a b a s e .  A n  e x a m p l e  
o f  a  G O  t e r m  i s  s h o w n  i n  F i g .  2 4 . 1 .  
S t a n d a r d  G O  a n n o t a t i o n s  a r e  m a i n t a i n e d  
b y  t h e  G O  C o n s o r t i u m  ( s e e  T a b l e  2 4 . 1  f o r  
U R L ) ,  w h i c h  p r o v i d e s  u p d a t e s  o f  q u a l i t y -
c h e c k e d  d a t a  f o r  p u b l i c  a c c e s s .  T h e  G O  
i d :  G 0 : 0 0 0 0 0 1 6  
n a m e :  l a c t a s e  a c t i v i t y  
n a m e s p a c e :  m o l e c u l a r _ f u n c t i o n  
a n n o t a t i o n s  a r e  u s e d  b y  s e c o n d a r y  s o u r c e  
d a t a b a s e s  l i k e  E n t r e z  G e n e  ( s e e  T a b l e  2 4 . 1  f o r  
U R L ;  S a y e r s  e t a / . ,  2 0 1 2 )  a n d  U n i P r o t  ( U n i P r o t  
C o n s o r t i u m ,  2 0 1 0 ) ,  g e n o m e  b r o w s e r s  l i k e  
E n s e m b l  ( s e e  T a b l e  2 4 . 1  f o r  U R L ;  F l i c e k ,  
2 0 1 3 ) ,  a n d  a n a l y s i s  t o o l s  l i k e  D A V I D  ( s e e  
T a b l e  2 4 . 1  f o r  U R L ;  H u a n g ,  2 0 0 9 ) ,  a m o n g  
o t h e r  p u b l i c l y  a c c e s s i b l e  r e s o u r c e s  a n d  t o o l s .  
A  g r o w i n g  n u m b e r  o f  m o d e l  o r g a n i s m  a n d  
l i v e s t o c k  a n i m a l  s p e c i e s  ( i n c l u d i n g  b o v i n e )  
d a t a b a s e s  a n d  w o r k i n g  g r o u p s  c o n t r i b u t e  
a n n o t a t i o n  s e t s  t o  t h e  G O  r e p o s i t o r y  
( M c C a r t h y ,  2 0 0 7 ;  R e e s e ,  2 0 1 0 ) .  
G O  a n n o t a t i o n s  a r e  c r e a t e d  b y  c a p t u r -
i n g  t h e  g e n e  p r o d u c t  i n f o r m a t i o n  ( d a t a b a s e ,  
d a t a b a s e  a c c e s s i o n ,  n a m e  a n d  s y m b o l ,  t y p e  
o f  g e n e  p r o d u c t  a n d  s p e c i e s  t a x o n ) ,  i t s  a s s o -
c i a t e d  G O  t e r m ,  G O  s u b - o n t o l o g y  a n d  e v i -
d e n c e  f o r  t h e  a s s e r t i o n  w i t h  r e f e r e n c e s .  T h e  
c u r r e n t  p r a c t i c e  f o r  b o v i n e  G O  a n n o t a t i o n  
i s  t o  p r o v i d e  n a m e s  a n d  s y m b o l s  b a s e d  
u p o n  a  c o m b i n a t i o n  o f  N C B I  E n t r e z  G e n e  
a n d  U n i P r o t K B  n a m e s .  I n  i n s t a n c e s  w h e r e  
t h e r e  i s  n o  s u i t a b l e  g e n e  s y m b o l ,  d a t a b a s e  
a c c e s s i o n s  a r e  u s e d .  C o n t i n u e d  e f f o r t s  a r e  
m a d e  t o  i m p r o v e  t h e  a c c u r a c y  o f  t h e  b o v i n e  
G O  a n n o t a t i o n s  b y  t r a n s f e r r i n g  G O  a n n o t a -
t i o n s  f r o m  b e t t e r  a n n o t a t e d  p r o t e i n s  i n  
h u m a n  a n d  m o u s e  b a s e d  o n  E n s e m b l  o r t h o l -
o g y .  A s  o f  S e p t e m b e r  2 0 1 2 ,  G O  a n n o t a -
t i o n  f o r  b o v i n e  ( M c C a r t h y ,  2 0 0 7 )  c o m p r i s e s  
3 0 6 , 7  4 6  a n n o t a t i o n  e n t r i e s  f o r  4 1 , 6 3  7  
g e n e  p r o d u c t s ;  8 6 . 7 %  o f  t h e s e  a n n o t a t i o n s  
d e f :  " C a t a l y s i s  o f  t h e  r e a c t i o n :  l a c t o s e  +  H 2 0  =  D - g l u c o s e  +  D -
g a l a c t o s e .  •  [ E C : 3 . 2 . 1 . 1 0 8 ]  
s y n o n y m :  " l a c t a s e - p h l o r i z i n  h y d r o l a s e  a c t i v i t y •  B R O A D  [ E C : 3 . 2 . 1 . 1 0 8 ]  
s y n o n y m :  " l a c t o s e  g a l a c t o h y d r o l a s e  a c t i v i t y •  E X A C T  [ E C : 3 . 2 . 1 . 1 0 8 ]  
x r e f :  E C : 3 . 2 . 1 . 1 0 8  
x r e f :  M e t a C y c : L A C T A S E - R X N  
x r e f :  R e a c t o m e : 2 0 5 3 6  
i s _ a :  G 0 : 0 0 0 4 5 5 3  !  h y d r o l a s e  a c t i v i t y ,  h y d r o l y z i n g  0 - g l y c o s y l  
c o m p o u n d s  
F i g .  2 4 . 1 .  A n  e x a m p l e  o f  a  G O  t e r m .  ( F o r  f u r t h e r  i n f o r m a t i o n ,  s e e  T a b l e  2 4 . 1  f o r  G O  w e b s i t e  U R L . )  
are computationally derived (AgBase: see 
Table 24.1 for URL). 
To contribute annotations to the GO, or for 
a complete list of bovine GO data, users are 
encouraged to contact either the GO Consortium 
or AgBase at their respective websites. 
Trait and Phenotype Terminology 
Cattle traits are conventionally named based 
on performance (e.g. body weight), physiologi-
cal parameters (e.g. blood cholesterol level), 
anatomic locations/dissections (e.g. loin muscle 
area), physical-chemical properties (e.g. milk 
protein content), livelihood soundness (e.g. 
immune capacity) and exterior appearance 
(e.g. coat colour), etc. As such, there is a good 
chance a trait will be named differently by dif-
ferent people, even within a species commu-
nity. Furthermore, traits have been studied 
across many species, which adds additional 
complexity to their naming. The study of traits 
may also involve the study of underlying genes 
and markers, environments and management 
protocols that contribute to the manifestation 
of a trait. Therefore, it is obvious that factors 
that contribute to the naming of a trait are 
multi-dimensional. As the amount of trait infor-
mation associated with a gene or chromosomal 
region is growing exponentially, we cannot 
overemphasize the need for a standard nomen-
clature to be used by researchers to communi-
cate as consistently and unambiguously as 
possible, with the aid of bioinformatics tools. 
Traits 
Cattle trait terms can be found ubiquitously 
throughout journal articles, farm reports and 
daily communications among scientists and 
cattle industry personnel. A trait term can be 
created by anyone, and each person may have 
a slightly different definition for any given 
term. As such, hundreds of thousands of terms 
can be found in the literature with various nam-
ing conventions used. Previously, there was no 
central repository where the uniqueness of a 
trait term could be maintained and checked, 
until two relatively recent database development 
efforts emerged: the Online Mendelian 
Inheritance in Animals (OMIA) database and 
the Animal QTL database (QTLdb). 
OMIA (see Table 24.1 for URL) was initi-
ated in 1978. To date, it contains >400 cattle 
trait variations and/or abnormalities from cat-
tle genetic research publications (Nicholas, 
Chapter 5). The Animal QTLdb (see Table 24.1 
for URL) has a collection of 4 70 cattle traits, 
including measurement method variations 
(Hu eta/., 2013), of which 407 traits have at 
least one QTL. Curators at both OMIA and 
Animal QTLdb made efforts to make each 
database entry unique in terms of the names 
and their representations. Expanded from. 
the QTLdb development, an Animal Trait 
Ontology (ATO) project at Iowa State 
University (see Table 24.1 for URL) has been 
launched to standardize traits for livestock spe-
cies including cattle. Its initial purpose was to 
help with organization and management of 
trait information through the use of a con-
trolled vocabulary to facilitate comparison of 
QTL results and standardize trait data annota-
tion and retrieval (Hu et a/., 2005, 2007). 
It was soon introduced to the community 
(Hughes eta/., 2008). 
Super-traits 
Compared to standard gene nomenclature, 
trait name standardization is far more com-
plex, not only because the same trait can be 
named differently (e.g. 'loin eye area' versus 
'ribeye area'), but also because many factors 
contribute to how a trait is defined under vari-
ous circumstances. For example, Fig. 24.2 
shows a list of 10 'backfat thickness' varia-
tions, each of which is defined by their specific 
measurement methods, measuring time and 
specific anatomic locations, which may con-
tribute to trait comparison difficulties and 
increase the potential for confusion. 
One attempt to simplify the comparisons 
was by introduction of the concept of 'trait 
types' or 'super-traits'. Hu et a/. (2005) 
described trait type as a general physical or 
chemical property of, or the processes that 
lead to, or types of measurements that result 
in, an observation (phenotype). The 'trait types' 
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B a c k f a t  t h i c k n e s s  m e a s u r e d  a t  4 0 - 4 2  d a y s  p o s t p a r t u m  
B a c k f a t  t h i c k n e s s  m e a s u r e d  a t  9 0 - 9 2  d a y s  p o s t p a r t u m  
B a c k f a t  t h i c k n e s s  m e a s u r e d  a t  1 3 0 - 1 5 0  d a y s  p o s t p a r t u m  
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F i g .  2 4 . 2 .  A n  e x a m p l e  o f  t h e  t r a i t  n a m e  v a r i a t i o n s  b y  d i f f e r e n t  m o d i f i e r s  s u c h  a s  m e a s u r e m e n t  m e t h o d s ,  
t i m e  a n d  s a m p l i n g  l o c a t i o n s .  T h i s  v a r i a t i o n  c a n  e a s i l y  a d d  d i f f i c u l t i e s  f o r  a c c u r a t e  a n d  u n a m b i g u o u s  
t r a i t  c o m p a r i s o n s .  
o r  ' s u p e r - t r a i t s '  w e r e  i n i t i a l l y  u s e d  t o  s e r v e  a s  a  
g e n e r a l  c o n c e p t  f o r  a  t r a i t ,  r e g a r d l e s s  o f  p o s -
s i b l e  v a r i a t i o n s  i n  t r a i t  n a m e s  b a s e d  o n  m e a s -
u r e m e n t  t i m e s ,  l o c a t i o n s  o r  m e t h o d s .  A s  t h e  
A T O  p r o j e c t  p r o g r e s s e d ,  t h e  f a c t o r s  i n  t h e  
m e t h o d s  o f  t r a i t  m e a s u r e m e n t s ,  s u c h  a s  p o i n t  
i n  t i m e  o r  t i m e  s p a n ,  a n a t o m i c  l o c a t i o n s ,  
i n s t r u m e n t s ,  e t c . ,  w e r e  c l a s s i f i e d  a s  ' t r a i t  m o d i -
f i e r s ' ,  b e c a u s e  t h e y  d o  n o t  c o n s t i t u t e  a  c o m p o -
n e n t  o f  a  t r a i t ,  b u t  o n l y  a f f e c t  t h e  w a y  a  t r a i t  i s  
d e s c r i b e d .  T h e r e f o r e ,  t h e  ' s u p e r - t r a i t '  m a y  o n l y  
b e  e m p l o y e d  t o  c a t e g o r i z e  v a r i a t i o n s  i n  h o w  a  
t r a i t  i s  d e f i n e d  o r  n a m e d .  F o r  e x a m p l e ,  ' r i b  e y e  
a r e a ' ,  ' r i b - e y e  a r e a ' ,  ' r i b  m u s c l e  a r e a ' ,  ' l o n g i s -
s i m u s  d o r s i  m u s c l e  a r e a ' ,  ' l o n g i s s i m u s  m u s c l e  
a r e a ' ,  ' l o i n  e y e  a r e a ' ,  ' l o i n  m u s c l e  a r e a ' ,  e t c .  
c a n  b e  u n i f i e d  a s  ' l o n g i s s i m u s  d o r s i  m u s c l e  
a r e a  ( L M A ) ' .  ' B a c k f a t ' ,  ' b a c k f a t  d e p t h ' ,  ' b a c k -
f a t  t h i c k n e s s ' ,  ' b a c k f a t  a b o v e  m u s c l e  d o r s i ' ,  
' b a c k f a t  i n t e r c e p t ' ,  ' b a c k f a t  l i n e a r ' ,  e t c .  m a y  a l l  
s i m p l y  b e  r e f e r r e d  t o  a s  ' s u b c u t a n e o u s  f a t  
t h i c k n e s s ' .  
T r a i t  h i e r a r c h y  a n d  o n t o l o g y  
I n  o r d e r  t o  c o m p a r e  Q T L  a c r o s s  e x p e r i m e n t s ,  
t h e  C a t t l e  Q T L d b  u s e s  a  t r a i t  h i e r a r c h y  ( F i g .  
2 4 . 3 )  t o  p r o v i d e  a  f r a m e w o r k  f o r  o r g a n i z i n g  
t h e  t r a i t s  a n d  e a s i l y  l o c a t i n g  t h e m  ( H u  e t  a / . ,  
2 0 1 3 ) .  T h i s  a p p r o a c h  s i m p l i f i e s  t h e  p r o c e -
d u r e s  b y  w h i c h  t r a i t s  a r e  d e f i n e d ,  l i n k e d  a n d  
c o m p a r e d .  S u b s e q u e n t l y ,  a  c o m p u t e r  p r o g r a m  
c o u l d  b e  i m p l e m e n t e d  t o  a u t o m a t i c a l l y  p r o c e s s  
t h e  d a t a b a s e  s e a r c h e s ,  s o  t h a t  w h e n  a  u s e r  
q u e r i e s  f o r  a  t r a i t  b y  k e y w o r d s ,  t h e  d a t a b a s e  
c a n  g a t h e r  a n d  r e t r i e v e  r e l a t e d  t r a i t  n a m e s  a n d  
t h e i r  a s s o c i a t e d  Q T L ,  p u t  t h e m  t o g e t h e r  a n d  
p r e s e n t  t h e m  t o  t h e  u s e r  i n  r e a l  t i m e .  
H o w e v e r ,  p e o p l e  o f  d i f f e r e n t  d i s c i p l i n e s  
m a y  s e e  t h e  n e e d  f o r  a  d i f f e r e n t  t r a i t  h i e r a r c h y ,  
w h i c h  m a y  b e t t e r  c a p t u r e  t h e  s u b t l e t i e s  r e q u i r e d  
i n  t h e i r  f i e l d .  F o r  e x a m p l e ,  f o r  b o d y  w e i g h t  
g a i n e d  o v e r  a  p e r i o d  o f  t i m e  ( e . g .  a v e r a g e  d a i l y  
g a i n ,  A D G ) ,  a  f a r m e r  c o n s i d e r s  i t  a  p r o d u c t i o n  
t r a i t ,  a  n u t r i t i o n i s t  m a y  s e e  i t  a s  a n  i n d i c a t o r  f o r  
f e e d  c o n v e r s i o n  e f f i c i e n c y  a n d  a  v e t e r i n a r i a n  
m a y  f i n d  i t  a  h e a l t h  s t a t u s  p a r a m e t e r .  S i m i l a r l y ,  
b l o o d  c h o l e s t e r o l  l e v e l s  m a y  b e  u s e d  t o  p r e d i c t  
m e a t  q u a l i t y  b y  b e e f  p r o d u c e r s ,  a n d  m a y  a l s o  
b e  u s e d  a s  a  p a r a m e t e r  t o  p r e d i c t  c o r o n a r y  
h e a r t  d i s e a s e  b y  t h o s e  w h o  u s e  c a t t l e  a s  a n  a n i -
m a l  m o d e l  f o r  h u m a n  h e a r t  d i s e a s e  r e s e a r c h .  
T h e r e f o r e ,  a  s i m p l e  h i e r a r c h y  m a y  b e  h e l p f u l  t o  
r e d u c e  t h e  c o m p l e x i t y  i n  s o m e  c a s e s ,  a l t h o u g h  
m a y  n o t  b e  a d e q u a t e  i n  a l l  c a s e s .  I n  a d d i t i o n ,  
d u e  t o  t h e  e x i s t e n c e  o f  m u l t i p l e  o v e r l a p p i n g  
h i e r a r c h i e s  f o r  c a t t l e  t r a i t s ,  t h e  m a n a g e m e n t  o f  
s u c h  d a t a  m a y  i n t r o d u c e  o n e  m o r e  d i m e n s i o n  
o f  c o m p l e x i t y  t o  t h e  o n t o l o g y  s t r u c t u r e .  
O n t o l o g i e s  a r e  c o n t r o l l e d  v o c a b u l a r i e s  
u s e d  t o  d e s c r i b e  o b j e c t s  a n d  r e l a t i o n s h i p s  
b e t w e e n  t h e m  i n  a  f o r m a l  m a n n e r .  I n  a n  o n t o l -
o g y ,  t h e  D i r e c t e d  A c y c l i c  G r a p h  ( D A G ) ,  a  
m a t h e m a t i c a l  g r a p h i c  m o d e l l i n g  m e t h o d ,  i s  
u s e d  t o  s o l v e  d a t a  m a n a g e m e n t  p r o b l e m s  w i t h  
c o m p l e x  h i e r a r c h i c a l  s t r u c t u r e s .  F o r  e x a m p l e ,  
t h e  t r a i t  ' m a r b l i n g '  m a y  b e l o n g  t o  t h e  ' m e a t  
q u a l i t y ' ,  ' a d i p o s e  t r a i t '  o r  ' m u s c u l a r  s y s t e m  
p h y s i o l o g y '  h i e r a r c h i e s .  C o m p u t e r  t o o l s  h a v e  
b e e n  d e v e l o p e d  a n d  a r e  f r e e l y  a v a i l a b l e  t o  
m a n a g e  s u c h  o n t o l o g y  d a t a  w i t h  D A G  s t r u c -
t u r e s .  T h e  t w o  m o s t  p o p u l a r  t o o l s  t h a t  a r e  
l i k e l y  t o  b e  u s e f u l  t o  t h e  c a t t l e  g e n e t i c s  c o m m u n i t y  
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Fig. 24.3. A simple cattle trait class hierarchy used 
in the Animal QTLdb for users to browse for traits 
of interest. (See Table 24.1 for URL.) 
are AmiGO and OBO-Edit (Gene Ontology 
Tools, see Table 24.1 for URL). AmiGO is an 
ontology browser adapted to the ATO data-
base, which allows users to share and view 
trait data stored in ATO with any web browser 
on the internet. OBO-Edit is a java-based 
ontology data editor that can be used by any-
one to edit ontology term definitions and rela-
tionships, and to export data in Open 
Biological/Biomedical Ontologies (080) format 
to share data. 
Current status of research 
The ATO has been a successful project since 
its development from the QTLdb several 
years ago. Recently, the developers of ATO 
have begun working with Mouse Genome 
Informatics, the Rat Genome Database, 
European Animal Disease Genomics Network 
of Excellence (EADGENE) and the French 
National Institute for Agricultural Research 
(INRA) to incorporate the Mammalian Pheno-
type Ontology (MPO) and the ATO into a 
unified Vertebrate Trait (VT) Ontology (Park 
et a/., 2013; see Table 24.1 for URL). To 
reach a proper granularity level of the trait 
ontology, Product Trait (PT) Ontology (see · 
Table 24.1 for URL) and Clinical Measurement 
Ontology (CMO; Shimoyama et a/., 2012; 
see Table 24.1 for URL) were introduced. By 
reuse of existing ontologies and integration of 
production-specific livestock traits, research-
ers at INRA have also launched an Animal 
Trait Ontology for Livestock (ATOL) site, con-
taining over 1000 traits including those of cat-
tle (Golik eta/., 2012). 
Current efforts have been aimed at 
enhancing the ability to standardize trait 
nomenclature within and across species. For 
example, a disease such as mastitis in dairy cat-
tle may have been considered a 'trait' in classi-
cal animal genetic studies. In fact, in terms of 
concept specifications, it is not a characteristic 
cattle trait observable in the general popula-
tion, but rather an abnormal manifestation in 
some cattle (in fact, resistance to mastitis is a 
trait). In addition, a trait name may have vari-
ations because it is 'modified' by measurement 
time or method (Fig. 24.2), but the names 
actually represent the same trait. The separa-
tion of diseases from traits reflects the efforts 
toward a well-defined and standardized trait 
nomenclature. Standardization of the trait 
nomenclature will undoubtedly help the cattle 
genomics community make meaningful trait 
comparisons, as well as facilitate the transfer of 
genomics information from some well-studied 
species. The challenge of using ontologies to 
standardize and manage trait nomenclature is 
not only a technical issue, but a community 
issue, in the sense that it has to be commonly 
recognized, mutually agreed upon, and widely 
shared. 
( s t a n d a r d  G e n e t i c  Nomendat~re 
T r a i t  a n d  p h e n o t y p e  n o m e n c l a t u r e  
U n t i l  a n  i n t e r n a t i o n a l  c o m m i t t e e  i s s u e s  r u l e s  
f o r  t r a i t  a n d  p h e n o t y p e  n o m e n c l a t u r e ,  a  g o o d  
p r a c t i c e  w i t h  w i d e  a c c e p t a b i l i t y  i s  t o  f o l l o w  t h e  
' n o r m '  i n  p u b l i s h e d  m a t e r i a l s .  L i s t e d  i n  T a b l e  2 4 . 1  
a r e  s o m e  o f  t h e  b e s t  t r a i t  r e f e r e n c e  r e s o u r c e s  
a v a i l a b l e  t o  d a t e  ( s e e  t a b l e  f o o t n o t e  f o r  d e t a i l s ) .  
S i n c e  t h i s  h a s  b e e n  a n  a c t i v e  r e s e a r c h  a r e a  i n  
r e c e n t  y e a r s ,  i t  i s  h i g h l y  r e c o m m e n d e d  t h a t  
u s e r s  c h e c k  m u l t i p l e  d a t a b a s e s  f o r  t h e  b e s t  a n d  
m o s t  u p - t o - d a t e  i n f o r m a t i o n .  
P h e n o t y p e  i s  t h e  a c t u a l  m a n i f e s t a t i o n  o f  
o b s e r v a b l e  t r a i t s .  A  p h e n o t y p e  i s  a  t r a i t  
o b s e r v e d  i n  a n  i n d i v i d u a l .  I t  u s u a l l y  c o n s i s t s  o f  
a  t r a i t  w i t h  c h a r a c t e r i s t i c  f e a t u r e s  ( e . g .  t w i n -
n i n g ) ,  v a r i a t i o n s  t h a t  c a n  b e  d e s c r i b e d  ( e . g .  
b l a c k  s p o t s  o n  t h e  b o d y )  o r  q u a l i t i e s  t h a t  c a n  b e  
m e a s u r e d  ( e . g .  b i r t h  w e i g h t  o f  3 0  k g ) .  S i n c e  
t h e r e  a r e  s o  m a n y  v a r i a t i o n s  a s  t o  h o w  a  p h e n o -
t y p e  c a n  b e  ' o b s e r v e d '  ( o f t e n  s u c h  o b s e r v a t i o n  
i s  m a d e  i n d i r e c t l y  w i t h  i n s t r u m e n t s  o r  
t h r o u g h  t e s t s )  a n d  o b t a i n e d ,  a  t e c h n i c a l  g u i d e  
f o r  r e c o r d i n g  e a c h  t r a i t  m i g h t  b e  i d e a l .  O f t e n  
a  d e s c r i p t i o n  o f  c o m m e n t s  f o r  a  p h e n o t y p e  
r e c o r d  m a y  b e  n e c e s s a r y  t o  c o r r e c t l y  u n d e r -
s t a n d  a n d  u s e  t h e  d a t a .  F o r  e x a m p l e ,  w h e n  
b l o o d  s a m p l e s  a r e  t a k e n ,  t h e  n u m b e r  o f  h o u r s  
t h e  a n i m a l  i s  f a s t e d  m i g h t  b e  a n  i m p o r t a n t  
c o - f a c t o r  f o r  t h e  m e a s u r e m e n t  o f  b l o o d  c h o l e s -
t e r o l  c o n c e n t r a t i o n .  
W h e n  a  p h e n o t y p e  i s  a  r e f l e c t i o n  o f  a  c e r -
t a i n  g e n o t y p e ,  t h e  p h e n o t y p e  s y m b o l  s h o u l d  
b e  t h e  s a m e  a s  t h e  g e n o t y p e  s y m b o l .  T h e  d i f -
f e r e n c e  i s  t h a t  t h e  c h a r a c t e r s  s h o u l d  n o t  b e  
u n d e r l i n e d  o r  i n  i t a l i c s ,  a n d  t h e y  s h o u l d  b e  w r i t -
t e n  w i t h  a  s p a c e  b e t w e e n  l o c u s  c h a r a c t e r s  a n d  
a l l e l e  c h a r a c t e r s ,  i n s t e a d  o f  a n  a s t e r i s k .  S q u a r e  
b r a c k e t s  [  ]  m a y  a l s o  b e  u s e d .  
I n  c l a s s i c a l  g e n e t i c s ,  p h e n o t y p e s  w e r e  
s o m e t i m e s  u s e d  t o  d e n o t e  M e n d e l i a n  g e n o -
t y p e s .  T h i s  w a s  d o n e  u s i n g  a n  a b b r e v i a t i o n  o f  
t h e  t r a i t ,  p o s t - f i x e d  w i t h  a  p l u s ( + )  o r  m i n u s ( - )  
s i g n  t o  r e p r e s e n t  ' p r e s e n c e '  o r  ' a b s e n c e '  o f  
c e r t a i n  t r a i t  f e a t u r e s .  F o r  e x a m p l e ,  h a l o t h a n e -
n e g a t i v e  w a s  d e n o t e d  a s  ' H a l - ' ,  a n d  h a l o t h a n e -
p o s i t i v e  a s  ' H a l + ' .  A  p h e n o t y p e  d e n o t a t i o n  c a n  
a l s o  b e  u s e d  t o  r e p r e s e n t  g e n e t i c  h a p l o t y p e s ,  
s u c h  t h a t  ' K 8 8 a b + ,  a c + ,  a d - '  a r e  w r i t t e n  
t o g e t h e r  a s  a n  e n t i r e  d e n o t a t i o n .  L i k e w i s e ,  
n u m b e r s  o r  l e t t e r s  m a y  b e  u s e d  t o  d e n o t e  
a l l e l e s  w h e n  p o l y m o r p h i s m s  a r e  o b s e r v e d ,  f o r  
0 0 5  
e x a m p l e ,  A p o B 1 / 2 ,  A p o B 2 / 3 ,  e t c .  ( N o t e  t h e  
d i f f e r e n c e  f r o m  r e c o r d i n g  g e n o t y p e s ,  w h e r e  
i t a l i c s  o r  a s t e r i s k s  a r e  r e q u i r e d . )  
F u t u r e  P r o s p e c t s  
T h e  G e n e  O n t o l o g y  a n d  M a m m a l i a n  
P h e n o t y p e  O n t o l o g y  a r e  a l r e a d y  p l a y i n g  a  r o l e  
i n  r o b u s t  a n n o t a t i o n  o f  m a m m a l i a n  g e n e s  a n d  
p h e n o t y p e s  i n  t h e  c o n t e x t  o f  m u t a t i o n s ,  q u a n -
t i t a t i v e  t r a i t  l o c i ,  e t c .  ( S m i t h  e t  a / . ,  2 0 0 5 ) .  
U n d o u b t e d l y ,  a  s t a n d a r d i z e d  c a t t l e  g e n e t i c  
n o m e n c l a t u r e  w i l l  m o r e  e f f e c t i v e l y  f a c i l i t a t e  
e f f i c i e n t  c a t t l e  g e n o m e  a n n o t a t i o n  a n d  t r a n s f e r  
o f  k n o w l e d g e  f r o m  i n f o r m a t i o n - r i c h  s p e c i e s  
s u c h  a s  h u m a n s  a n d  m o u s e ,  a n d  m a k e  i t  p o s -
s i b l e  f o r  n e w  b i o i n f o r m a t i c s  t o o l s  t o  e a s i l y  
s t r e a m l i n e  d a t a  m a n a g e m e n t  a n d  g e n e t i c  a n a -
l y s i s .  M e a n w h i l e ,  i t  i s  n o t e w o r t h y  t o  m e n t i o n  
t h a t  t h e  t e r m  ' p h e n e '  f o r  ' t r a i t '  i s  b e i n g  u s e d  
m o r e  f r e q u e n t l y  i n  t h e  s c i e n t i f i c  l i t e r a t u r e  i n  
r e c e n t  y e a r s .  I t  i s  i n t e r e s t i n g  t h a t  i n  t e r m s  o f  
e t y m o l o g y  l i n e a g e ,  ' p h e n e '  i s  t o  ' p h e n o t y p e '  
a n d  ' p h e n o m e '  a s  ' g e n e '  i s  t o  ' g e n o t y p e '  a n d  
' g e n o m e '  ( W i k i p e d i a ,  2 0 1 2 ) ,  w h e r e  ' p h e n e '  i s  
a n  e q u i v a l e n t  t e r m  f o r  ' t r a i t ' .  H o w e v e r ,  
D r  F r a n k  N i c h o l a s  f r o m  t h e  U n i v e r s i t y  o f  S y d n e y  
h a s  u s e d  t h e  t e r m  ' p h e n e '  i n  O M I A  i n  a  s l i g h t l y  
d i f f e r e n t  b u t  m o r e  c o n c i s e  c o n t e x t ,  n a m e l y  
' p h e n e  i s  t o  g e n e  a s  p h e n o t y p e  i s  t o  g e n o -
t y p e ' ,  w h e r e  ' p h e n e '  r e f e r s  t o  a  s e t  o f  p h e n o -
t y p e s  t h a t  c o r r e s p o n d  t o  a  s e t  o f  g e n o t y p e s  
d e t e r m i n e d  b y  a  g e n e .  T h i s  i s  p r a c t i c a l l y  v e r y  
u s e f u l  i n  l i g h t  o f  t h e  f u t u r e  s t r u c t u r e d  g e n e t i c  
t e r m i n o l o g y  s t a n d a r d i z a t i o n  i n  t h e  g e n o m i c s  e r a .  
S e v e r a l  g e n o m e  d a t a b a s e s ,  s u c h  a s  
A r k D B ,  A n i m a l  Q T L d b ,  B o v i n e  G e n o m e  
D a t a b a s e ,  E n s e m b l  a n d  N C B !  G e n e D B ,  h a v e  
p l a y e d  a  r o l e  i n  t h e  u s a g e  o f  c o m m o n l y  a c c e p t e d  
g e n e / t r a i t  n o t a t i o n s .  U n d o u b t e d l y ,  e x i s t i n g  
a n d  n e w  g e n o m e  d a t a b a s e s  a n d  t o o l s  w i l l  f u r -
t h e r  d e v e l o p  a n d  e v o l v e .  A s  s u c h ,  a  s t a n d a r d -
i z e d  g e n e t i c  n o m e n c l a t u r e  i n  c a t t l e  w i l l  
d e f i n i t e l y  b e c o m e  c r u c i a l  f o r  i n f o r m a t i o n  s h a r -
i n g  a n d  c o m p a r i s o n s  b e t w e e n  d i f f e r e n t  r e s e a r c h  
g r o u p s ,  a c r o s s  e x p e r i m e n t s  a n d  e v e n  a c r o s s  
s p e c i e s .  R e c e n t l y  t h e  A n i m a l  G e n e t i c s  j o u r n a l  
h a s  u p d a t e d  i t s  A u t h o r  G u i d e l i n e s  i n s i s t i n g  t h a t  
p r o p e r  g e n e  n o m e n c l a t u r e  b e  f o l l o w e d :  ' A l l  
g e n e  n a m e s  a n d  s y m b o l s  s h o u l d  b e  i t a l i c i z e d  

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































( s t a n d & ' 4  ~~No!J'I~~clatut$ 
s y m b o l s  u s e d  i n  A n i m a l  G e n e t i c s  p u b l i c a t i o n s  
m u s t  b e  c o n f i r m e d  w i t h  H G N C '  a n d  ' n o n -
h u m a n  g e n e  n a m e s  s h o u l d  b e  c h e c k e d  a g a i n s t  
N C B I ' s  E n t r e z  G e n e  d a t a b a s e ' .  T h i s  i s  a  g o o d  
m o v e  t o w a r d s  e d u c a t i n g  t h e  c o m m u n i t y  o n  t h e  
p r o p e r  u s e  o f  s t a n d a r d i z e d  g e n e t i c  n o m e n c l a -
t u r e s .  A c t i v e  d e v e l o p m e n t  a n d  u s e  o f  a  s t a n d -
a r d i z e d  g e n e t i c  n o m e n c l a t u r e  w i l l  s u r e l y  h e l p  
t o  i m p r o v e  d a t a  q u a l i t y  a n d  r e u s a b i l i t y ,  a n d  
6 0 7  
f a c i l i t a t e  d a t a  c o m p a r i s o n s  b e t w e e n  e x p e r i -
m e n t s ,  l a b o r a t o r i e s ,  e v e n  s p e c i e s .  
A c k n o w l e d g e m e n t s  
T h e  a u t h o r s  w i s h  t o  t h a n k  D r  F r a n k  N i c h o l a s  
f r o m  t h e  U n i v e r s i t y  o f  S y d n e y  f o r  u s e f u l  d i s c u s -
s i o n s ,  i n p u t s  a n d  k i n d  r e v i e w  o f  t h e  d r a f t .  
R e f e r e n c e s  
B o v i n e  G e n o m e  S e q u e n c i n g  a n d  A n a l y s i s  C o n s o r t i u m  e t a / .  ( 2 0 0 9 )  T h e  g e n o m e  s e q u e n c e  o f  t a u r i n e  c a t t l e :  
a  w i n d o w  t o  r u m i n a n t  b i o l o g y  a n d  e v o l u t i o n .  S c i e n c e  3 2 4 ,  5 2 2 - 5 2 8 .  
B r o a d ,  T . E . ,  D o l l i n g ,  C . H . S . ,  L a u v e r g n e ,  J . J .  a n d  M i l l a r ,  P .  ( 1 9 9 9 )  R e v i s e d  C O G N O S A G  g u i d e l i n e s  f o r  g e n e  
n o m e n c l a t u r e  i n  r u m i n a n t s  1 9 9 8 .  G e n e t i c s ,  S e l e c t i o n ,  E v o l u t i o n  3 1 ,  2 6 3 - 2 6 8 .  
B r u f o r d ,  E . A .  ( 2 0 1  0 )  H i g h l i g h t s  o f  t h e  ' G e n e  N o m e n c l a t u r e  A c r o s s  S p e c i e s '  m e e t i n g .  H u m a n  G e n o m i c s  4 ,  
2 1 3 - 2 1 7 .  
D o l l i n g ,  C . H . S .  ( 1 9 9 9 )  S t a n d a r d i z e d  g e n e t i c  n o m e n c l a t u r e  f o r  c a t t l e .  I n :  F r i e s ,  R .  a n d  R u v i n s k y ,  A .  ( e d s )  
T h e  G e n e t i c s  o f  C a t t l e .  C A B  I n t e r n a t i o n a l ,  W a l l i n g f o r d ,  U K ,  p p .  6 5 7 - 6 6 6 .  
F l i c e k ,  P . ,  A h m e d ,  1 . ,  A m o d e ,  M . R . ,  B a r r e l l ,  D . ,  B e a l ,  K . ,  B r e n t ,  S . ,  C a r v a l h o - S i l v a ,  D . ,  C l a p h a m ,  P . ,  
C o a t e s ,  G . ,  F a i r l e y ,  S .  e t a / .  ( 2 0 1 3 )  E n s e m b l  2 0 1 3 .  N u c l e i c  A c i d s  R e s e a r c h  4 1  ( D a t a b a s e  i s s u e ) ,  
D 4 8 - D 5 5 .  
G e n e  O n t o l o g y  C o n s o r t i u m  ( 2 0 0 0 )  G e n e  O n t o l o g y :  t o o l  f o r  t h e  u n i f i c a t i o n  o f  b i o l o g y .  N a t u r e  G e n e t i c s  2 5 ,  
2 5 - 2 9 .  
G o l i k ,  W . ,  D a m e r o n ,  0 . ,  B u g e o n ,  J . ,  F a t e t ,  A . ,  H u e ,  1 . ,  H u r t a u d ,  C . ,  R e i c h s t a d t ,  M . ,  M e u n i e r - S a l a u n ,  M . C . ,  
V e r n e t ,  J . ,  J o r e t ,  L .  e t a / .  ( 2 0 1 2 )  A T O L :  t h e  m u l t i - s p e c i e s  l i v e s t o c k  t r a i t  o n t o l o g y .  6 t h  I n t e r n a t i o n a l  
C o n f e r e n c e  o n  M e t a d a t a  a n d  S e m a n t i c  R e s e a r c h  ( M T S R ' 1 2 ) ,  C a d i z ,  S p a i n ,  2 8 - 3 0  N o v e m b e r .  
H u ,  Z . - L . ,  D r a c h e v a ,  S . ,  J a n g ,  W . - H . ,  M a g l o t t ,  D . ,  B a s t i a a n s e n ,  J . ,  R o t h s c h i l d ,  M . F .  a n d  R e e c y ,  J . M .  
( 2 0 0 5 )  A  Q T L  r e s o u r c e  a n d  c o m p a r i s o n  t o o l  f o r  c a t t l e :  P i g Q T L D B .  M a m m a l i a n  G e n o m e  1 6 ,  
7 9 2 - 8 0 0 .  
H u ,  Z . - L . ,  F r i t z ,  E . R .  a n d  R e e c y ,  J . M .  ( 2 0 0 7 )  A n i m a i Q T L d b :  a  l i v e s t o c k  Q T L  d a t a b a s e  t o o l  s e t  f o r  p o s i t i o n a l  
Q T L  i n f o r m a t i o n  m i n i n g  a n d  b e y o n d .  N u c l e i c  A c i d s  R e s e a r c h  3 5  ( D a t a b a s e  i s s u e ) ,  D 6 0 4 - D 6 0 9 .  
H u ,  Z . - L . ,  P a r k ,  C . A . ,  W u ,  X . - L .  a n d  R e e c y ,  J . M .  ( 2 0 1 3 )  A n i m a l  Q T L d b :  a n  i m p r o v e d  d a t a b a s e  t o o l  f o r  l i v e -
s t o c k  a n i m a l  Q T U a s s o c i a t i o n  d a t a  d i s s e m i n a t i o n  i n  t h e  p o s t - g e n o m e  e r a .  N u c l e i c  A c i d s  R e s e a r c h  
4 1 '  D 8 7 1 - D 8 7 9 .  
H u a n g ,  D : W . ,  S h e r m a n ,  B . T .  a n d  L e m p i c k i ,  R . A .  ( 2 0 0 9 )  S y s t e m a t i c  a n d  i n t e g r a t i v e  a n a l y s i s  o f  l a r g e  g e n e  
l i s t s  u s i n g  D A V I D  b i o i n f o r m a t i c s  r e s o u r c e s .  N a t u r e  P r o t o c o l s  4 ,  4 4 - 5 7 .  
H u g h e s ,  L . M . ,  B a o ,  J . ,  H u ,  Z . - L . ,  H o n a v a r ,  V . G .  a n d  R e e c y ,  J . M .  ( 2 0 0 8 )  A n i m a l  T r a i t  O n t o l o g y  ( A T O ) :  T h e  
i m p o r t a n c e  a n d  u s e f u l n e s s  o f  a  u n i f i e d  t r a i t  v o c a b u l a r y  f o r  a n i m a l  s p e c i e s .  J o u r n a l  o f  A n i m a l  S c i e n c e  
8 6 ,  1 4 8 5 - 1 4 9 1 .  
M c C a r t h y ,  F . M . ,  B r i d g e s ,  S . M . ,  W a n g ,  N . ,  M a g e e ,  G . B . ,  W i l l i a m s ,  W . P . ,  L u t h e ,  D . S .  a n d  B u r g e s s ,  S . C .  
( 2 0 0 7 )  A g B a s e :  a  u n i f i e d  r e s o u r c e  f o r  f u n c t i o n a l  a n a l y s i s  i n  a g r i c u l t u r e .  N u c l e i c  A c i d s  R e s e a r c h  3 5  
( D a t a b a s e  i s s u e ) ,  D 5 9 9 - D 6 0 3 .  
P a r k ,  C . A . ,  B e l l o ,  S . M . ,  S m i t h ,  C . L . ,  H u ,  Z . - L . ,  M u n z e n m a i e r ,  D . H . ,  N i g a m ,  R . ,  S m i t h ,  J . R . ,  S h i m o y a m a ,  M . ,  
E p p i g ,  J . T .  a n d  R e e c y ,  J . M .  ( 2 0 1 3 )  T h e  V e r t e b r a t e  T r a i t  O n t o l o g y :  a  c o n t r o l l e d  v o c a b u l a r y  f o r  t h e  a n n o -
t a t i o n  o f  t r a i t  d a t a  a c r o s s  s p e c i e s .  J o u r n a l  o f  B i o m e d i c a l  S e m a n t i c s  4 ,  1 3 .  
R e e s e ,  J . T . ,  C h i l d e r s ,  C . P . ,  S u n d a r a m ,  J . P . ,  D i c k e n s ,  C . M . ,  C h i l d s ,  K . L . ,  V i l e ,  D . C .  a n d  E l s i k ,  C . G .  ( 2 0 1 0 )  
B o v i n e  G e n o m e  D a t a b a s e :  s u p p o r t i n g  c o m m u n i t y  a n n o t a t i o n  a n d  a n a l y s i s  o f  t h e  B o s  t a u r u s  g e n o m e .  
B M C  G e n o m i c s  1 1 ,  6 4 5 .  
R o d g e r s ,  B . D . ,  R o a l s o n ,  E .  H . ,  W e b e r ,  G . M . ,  R o b e r t s ,  S . B .  a n d  G o e t z ,  F . W .  ( 2 0 0 7 )  A  p r o p o s e d  n o m e n c l a -
t u r e  c o n s e n s u s  f o r  t h e  m y o s t a t i n  g e n e  f a m i l y .  A m e r i c a n  J o u r n a l  o f  P h y s i o l o g y - E n d o c r i n o l o g y  a n d  
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